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Claim 

Polyester composition containing (A) 10 0 parts by weight of 
aromatic polyester, (B) 1-80 parts by weight of epoxy 
group-containing copolymer from epoxy group-containing 
unsaturated monomer and epoxy group-free unsaturated monomer, and 
(C) 1-80 parts by weight of rubbery graft polymer. 

Detailed explanation of the invention 

Industrial application field 

The present invention concerns polyester resin compositions 
having good adhesive properties to epoxy resins, mechanical 
properties, and impact resistance especially under repeated 
thermal shocks. 

Conventional technology 

Aromatic polyesters represented by poly (ethylene 
terephthalate) , poly (butylene terephthalate) , etc. have excellent 
performance properties and have been widely used in electric and 
electronic devices, automotive parts, etc. 

In some of such applications, e.g., when used for epoxy 
resin cast containers, high adhesive strength between aromatic 
polyester and epoxy resin is required. However, adhesion between 
aromatic polyesters and epoxy resins is not that good. In some 



3 

cases, even when the initial adhesion is strong, the adhesive 

strength may decrease under repeated cold-heat cycles for a long 

period of time. Thus, in Japanese Kokai Patent No. Sho 

57 [1982] -100154 use of aromatic polyesters together with vinyl 

polymers and glycidyl group-containing copolymers is proposed. 

\ 

Problems to be solved by the invention 

However, when the above methods are employed, adhesive 
strength toward the epoxy resins increases somewhat, but impact 
resistance is low, and cracking may occur under repeated 
heat-cold cycles, and satisfactory polyesters can not be 
obtained. 

Means for solving the problems 

As a result of an intense investigation of ways to solve the 
above problems, we have discovered that aromatic polyesters 
incorporated with certain glycidyl group-containing copolymers 
and rubbery graft polymers show not only good adhesion to epoxy 
resins but also greatly improved mechanical properties and 
thermal shock resistance. Thus, the present invention is 
attained. 

Namely, the present invention is to provide a polyester 
composition containing (A) 100 parts by weight of aromatic 
polyester, (B) 1-80 parts by weight of epoxy group-containing 
copolymer from epoxy group-containing unsaturated monomer and 
epoxy group-free unsaturated monomer, and (C) 1-80 parts by 
weight of rubbery graft polymer. 
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The aromatic polyester (A) used in the present invention is 
a polyester with aromatic rings in the repeating unit of the 
polymer and is obtained by condensation reaction of aromatic 
dicarboxylic acids (or ester-forming derivatives) and diols (or 
ester-forming derivatives) • 

Such aromatic dicarboxylic acids are terephthalic acid, 
isophthalic acid, phthalic acid, 1, 5-naphthalenedicarboxylic 
acid, 2,5-naphthalenedicarboxyilc acid, 

2,6-naphthalenedicarboxylic acid, 4,4 , -biphenyldicarboxylic acid, 
3,3'-biphenyldicarboxylic acid, 4 , 4 ' -diphenyl ether dicarboxylic 
acid, 4,4'-diphenylmethanedicarboxylic acid, 4, 4 '-diphenyl 
sulfone dicarboxylic acid, 

4,4' -diphenyl isopropylidenedicarboxy lie acid, 
1 , 2 -bis (phenoxy) ethane-4 , 4 ' -dicarboxylic acid, 

2,5-anthracenedicarboxylic acid, 2 , 6-anthracenedicarboxylic acid, 
4,4' -p-terphenylenedicarboxylic acid, 2 , 5-pyridinedicarboxylic 
acid, etc., while terephthalic acid is preferred. 

Such aromatic dicarboxylic acids may be used singly or as 
mixtures thereof. In small amounts, one or more aliphatic 
dicarboxylic acids such as adipic acid, azelaic acid, sebacic 
acid, dodecanedicarboxylic acid, etc. and alicyclic dicarboxylic 
acids such as cyclohexanedicarboxylic acid, etc. may also be used 
together with the aromatic dicarboxylic acids. 

The diol components are aliphatic diols such as ethylene 
glycol, propylene glycol, butylene glycol, hexylene glycol, 
neopentyl glycol, 2 -methyl-1, 3 -propanediol, diethylene glycol, 
triethylene glycol, etc., alicyclic diols such as 
1,4-cyclohexanedimethanol, etc., and their mixtures. Small 
amounts of one or more long-chain diols of molecular weight 
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4 00-6000 such as polyethylene glycol, poly-1, 3-propylene glycol, 
polytetramethylene glycol, etc. may also be used. 

Especially preferred aromatic polyesters are poly (ethylene 
terephthalate) , poly (propylene terephthalate), poly (butylene 
terephthalate), poly (hexylene terephthalate), poly (ethylene 
^ naphthalate) , poly (butylene naphthalate) , poly (ethylene 
l,2-bis(phenoxy)ethane-4,4'-dicarboxylate) , etc. and also 
copolyesters such as poly (ethylene terephthalate/isophthalate) , 
poly (butylene terephthalate/isophthalate) , poly (butylene 
terephthalate/decanedicarboxylate) , etc., while poly (butylene 
terephthalate) is especially preferred for good balance of 
mechanical properties, moldability, etc. 

The aromatic polyesters used in the present invention have 
relative viscosity 1.15-2.0, preferably 1.3-1.85, as measured for 
0 . 5%- solution in o-chlorophenol at 25 °C. 

The epoxy group-containing copolymers (B) used in the 
present invention are epoxy group-containing olefin and/or vinyl 
copolymers comprising 1-50 wt% (preferably 2-20 wt%) of an epoxy 
group-containing monomer and 99-50 wt% (preferably 98-80 wt%) 
epoxy group- free monomer. 

The epoxy group-containing monomers can be represented by 
the general formulas 

u 

ii 

R-C-0-CH,-CH-CH, (I) 

V 

R-X-CH.-CH-CH, (I) 

\ / 
O 

R' 

R-C-CH, (D 
U 
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(R represents a hydrocarbyl containing one ethylenic 
unsaturated bond; X represents -CH 2 -, -0- or -O~ 0 ~ * ; 

R' represents hydrogen or a methyl group) , more specifically, 
glycidyl acrylate, glycidyl methacrylate, monoglycidyl itaconate, 
butenetricarboxylic acid glycidyl ester, glycidyl 
butenetricarboxylate, 2-methylallyl glycidyl ether, vinyl 
glycidyl ether, 3 , 4-epoxybutene, 3 , 4-epoxy-3-methyl-l-butene, 
vinylcylohexane monoxide, p-glycidylstyrene, etc. They may be 
used singly or as mixtures thereof. 

The epoxy group-free unsaturated monomers to be 
copolymerized with the epoxy group-containing unsaturated 
monomers are olefins such as ethylene, propylene, 1-butene, 

1- decene, 1-octacene [sic], styrene, etc., vinyl (containing 

2- 6 carbon atoms) esters of saturated carboxylic acids such as 
vinyl propionate, vinyl benzoate, etc. ; alkyl (containing 

1-18 carbon atoms) esters of acrylic acid and methacrylic acid; 
maleic anhydride; mono- or diesters of maleic acid with saturated 
alcohols of 1-18 carbon atoms; acrylonitrile ; vinyl ethers; 
acrylamide compounds. They may be used singly or as mixtures 
thereof. Among them, ethylene, vinyl acetate, acrylic acid 
esters, methacrylic acid esters, styrene, a -methyl styrene, and 
acrylonitrile are preferred and ethylene is especially preferred. 
Small amounts of diene monomers such as butadiene, hexadiene, 
etc. and carbon monoxide may also be used. 

In the present invention, preferred epoxy group-containing 
copolymers include styrene/glycidyl methacrylate copolymer, 
styrene/acrylonitrile/glycidyl methacrylate copolymer, 
styrene/methyl methacrylate/butyl acrylate/glycidyl methacrylate 
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copolymer, styrene/methyl methacrylate/glycidyl methacrylate 
copolymer, methyl methacrylate/glycidyl methacrylate copolymer, 
methyl methacrylate/acrylonitrile/glycidyl methacrylate 
copolymer, ethylene/glycidyl methacrylate copolymer, 
ethylene/vinyl acetate/glycidyl methacrylate copolymer, 
ethylene/carbon monoxide/glycidyl methacrylate copolymer, 
ethylene/glycidyl acrylate copolymer, ethylene/glycidyl 
aery late/vinyl acetate copolymer, ethylene/allyl glycidyl ether 
copolymer, butyl acrylate/glycidyl acrylate copolymer, etc. They 
may be used singly or as mixtures thereof* Among them, 
ethylene/glycidyl methacrylate copolymer is especially preferred. 

The epoxy group-containing copolymers should have melt flow 
rate (MFR) in the range of 0-1-100, otherwise improvement in 
impact resistance tends to be small, while a more preferred range 
is 0.5-30. Here, the MFR is measured in accordance to ASTM 
D-1238 (at 190 °C) and given in the unit of g/10 min. 

In the present invention, the amount of the epoxy 
group-containing copolymers added to 100 parts by weight of the 
aromatic polyesters is 1-80 parts by weight, preferably 
2-50 parts by weight, more preferably 3-30 parts by weight. 
Below 1 part by weight, improvement in adhesion to the epoxy 
resin is not sufficient, while above 80 parts by weight, heat 
resistance decreases, thus is not favored. 

The rubbery graft polymers (C) used in the present invention 
are polybutadiene or polyacrylate grafted with one or more of 
vinyl monomers chosen from aromatic monovinyl compounds, vinyl 
cyanide, (meth) acrylic acid esters, etc. Preferred graft 
polymers have glass transition temperature below -20*0. 
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The polybutadiene-type graft bases contain more than 50 wt%, 
preferably more than 60 wt%, of butadiene. Besides 
polybutadiene, butadiene copolymers with one or more styrene, 
acrylonitrile, methyl methacrylate, methyl acrylate, etc. (e.g., 
butadiene/styrene copolymer, butadiene/acrylonitrile copolymer) 
may also be used. 

The vinyl monomers to be grafted to the polybutadiene-based 
graft bases may be one or more chosen from aromatic monovinyl 
compounds, cyanovinyl compounds, (meth) acrylic acid esters, etc. 

When two or more vinyl monomers are used, the mixture should 
contain at least one (meth) acrylic acid ester and/or 
acrylonitrile/styrene in weight ratio 10/90 to 35/65, preferably 
20/80 to 35/65. 

Preferred amount of the vinyl monomers copolymerized is 
10-40. wt% based on the graft polymerization product. 

For improving the impact resistance of the aromatic 
polyesters, the degree of grafting on the polybutadiene-based 
rubbery graft polymers should be 15-150%, preferably 20-100%, as 
measured in acetone. 

The polyacrylate-based graft base includes acrylic acid 
ester polymers or copolymers with or without a diene-type rubber 
nucleus. Preferred acrylic acid ester content is above 40 wt%, 
preferably above 60 wt%. Preferred are acrylic acid esters with 
monohydroxy alcohols of 1-8 carbon atoms, more specifically 
methyl, ethyl, propyl, hexyl, 2-ethylhexyloctyl esters. 

The graft base may be copolymerized with crosslinking 
monomers, e.g., esters of unsaturated carboxylic acids of 
3-8 carbon atoms and saturated polyols of 2-4 hydroxy groups and 
2-20 carbon atoms (e.g., ethylene dimethacrylate, ethylene 
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diacrylate, butylene dimethacrylate, butylene diacrylate, 
trimethylolpropane triacrylate, etc.); esters of unsaturated 
carboxylic acids of 3-8 carbon atoms and unsaturated monohydroxy 
alcohols of 3-12 carbon atoms (e.g., allyl methacrylate, allyl 
acrylate, diallyl maleate, etc.); polyunsaturated heterocyclic 
ycompounds (e.g., triallyl cyanurate, triallyl isocyanurate, 
trisacryloyl-s-triazine, etc.); polyfunctional vinyl compounds 
(e.g., di- and trivinylbenzene, etc.); triallyl phosphate, 
diallyl phthalate, etc. , while preferred are allyl methacrylate, 
ethylene dimethacrylate, diallyl phthalate, triallyl 
isocyanurate, triallyl cyanurate, 

triacryloylhexahydro-s-triazine, triallylbenzene. The amount of 
>?the crosslinking monomers used is 0.02-5 wt%, preferably 
0.05-2 wt%, based on the graft base, while it is below 1 wt% for 
trifunctional or higher functional crosslinking monomers. 

The vinyl monomers to be grafted to the polyacrylate-based 
graft base are chosen from aromatic vinyl compounds, cyanovinyl 
compounds, and (meth) acrylic acid esters, while preferred are 
a-methylstyrene, styrene, acrylonitrile, methyl methacrylate, and 
mixtures thereof. Especially preferred are 90/10 to 50/50 
mixtures of styrene and acrylonitrile. 

Commercially available rubbery graft polymers may also be 
used, e.g., Acryloid (product of Rohm & Haas Co.), Kaneace 
(product of Kanegafuchi Kagaku Co.), Blendix (product of 
Borg-Warner Co.), BTA, HIA (product of Kureha Kagaku Co.), etc. 

In the present invention, the amount of the rubbery graft 
polymer (C) added to 100 parts by weight of the aromatic 
polyesters is 1-80 parts by weight, preferably 2-50 parts by . 
weight, more preferably 30-3 0 parts by weight. Below 1 part by 



weight, improvement in impact resistance is not sufficient, while 
above 8 0 parts by weight, the aromatic polyester loses heat 
resistance. 

Fibrous and/or particulate reinforcing agents may be used 
for the compositions of the present invention to improve 
rigidity. Such fibrous reinforcing agents include inorganic 
fibers such as glass fibers, Silastic glass fibers, alumina 
fibers, silicon carbide fibers, ceramic fibers, asbestos fibers, 
gypsum fibers, metal fibers (e.g., stainless steel fibers, etc.), 
carbon fibers, etc. The particulate reinforcing agents include 
silicates such as wollastonite, sericite, kaolin, mica, clays, 
bentonites, asbestos, talc, alumina silicate, etc.; metal oxides 
such as alumina, silicon oxide, magnesium oxide, zirconium oxide, 
titanium oxide, etc.; carbonate salts such as calcium carbonate, 
magnesium carbonate, dolomite, etc. ; sulfate salts such as 
potassium sulfate, barium sulfate, etc.; glass beads, boron 
nitride, silicon carbide, etc. They may be hollow (e.g., hollow 
glass fibers, glass microballoons, Silastic balloons, carbon 
balloons, etc.) Preferred are glass fibers, especially chopped 
strand glass fibers 5-15 m in diameter, commonly used for 
reinforcing resins. Preferably, the glass fibers are treated 
with silane couplers such as epoxy silanes, aminosilanes, etc., 
and surface treatment with epoxy resins, etc. is preferred. 

The amount of the reinforcing agent used to 100 parts by 
weight of the aromatic polyesters is below 100 parts by weight, 
preferably below 70 parts by weight. 

By further addition of epoxy compounds and/or carbodiimide 
compounds, the impact resistance in heat-cold thermal cycles of 
the compositions of the present invention can be improved. Such 
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epoxy compounds contain at least one epoxy group, e.g., 
bisphenol-type epoxy compounds obtained by reacting bisphenol and 
epichlorohydrin at various ratios, glycidyl ethers obtained from 
monophenol and epichlorohydrin, novolak type epoxy compounds 
obtained from novolak resins and epichlorohydrin, glycidyl esters 
obtained from mono- or polycarboxylic acids and epichlorohydrin, 
alicyclic epoxy compounds obtained from alicyclic compounds 
(e.g., dicyclopentadiene) , glycidyl ethers obtained from 
epichlorohydrin and aliphatic compounds having alcoholic hdyroxy 
groups (e.g., butanediol, glycerin, etc.), glycidyl ether esters 
obtained from hydroxycarboxylic acids and epichlorohydrin, 
epoxidized polybutadiene, epoxy group-substituted heterocyclic 
compounds (e.g., triepoxypropyl isocyanurate, etc.) They may be 
used singly or as mixtures thereof. Among them, especially 
preferred are bisphenol A-type epoxy compounds represented by the 
general formula 

CH, CH CH, 

V-ai,-^^>-c-©-o-cH l -ai-CH, kkzk^o-ch^-ch, 

CO 

(n represents an integer of 0-20) 
and glycidyl ester compounds represented by 

o 

;i 

R» -KOCH.CH-CH, ) (T) 
\ / m 
0 

(R' represents hydrocarbyl group of 6-40 carbon atoms; m 
represents 1-3) . Specific examples of the glycidyl ester 
compounds include diglycidyl phthalate, diglycidyl terephthalate, 
diglycidyl isophthalate, diglycidyl hexahydrophthalate, 
diglycidyl tetrahydrophthalate, diglycidyl 
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octadecanedicarboxylate, dimer acid diglycidyl ester, glycidyl 
p-tert-butylbenzoate, glycidyl benzoate, Cardura E (trade name, 
product of Yuka Shell Co.) 

The carbodiimide compounds contain the carbodiimide group 
(-N=C=N-) , e.g., mono- or dicarbodiimides such as diisopropyl 
carbodiimide, dicyclohexyl carbodiimide, di-o-tolyl carbodiimide, 
diphenyl carbodiimide, dioctyldecyl carbodiimide, 
di-2 , 6-dimethylphenyl carbodiimide , N-tolyl-N ' -cyclohexyl 
carbodiimide, N-tolyl-N' -phenylcarbodiimide, di-p-tolyl 
carbodiimide, di-p-chlorophenyl carbodiimide, di-p-methoxyphenyl 
carbodiimide, p-phenylenebis (dicyclohexyl carbodiimide) , 
hexamethylenebis (dicyclohexyl carbodiimide) , 
ethylenebis (dicyclohexyl carbodiimide) , ethylenebis (diphenyl 
carbodiimide), etc.; polycarbodiimides such as poly (4,4 '-diphenyl 
carbodiimide) , poly (3,3' -dimethyl-4 , 4 ' -diphenyl carbodiimide) , 
poly (tricarbodiimide) , poly (p-phenylene carbodiimide) , 
poly (m-phenylene carbodiimide) , poly ( 1 , 6-hexamethylene 
carbodiimide) , poly (4 ,4'-methylenebiscyclohexyl carbodiimide) , 
poly(l,3- or 1, 4-cyclohexylene carbodiimide), 
poly(l, 3-diisopropylphenylene carbodiimide) , 
poly(l-methyl-3,5-diisopropylphenylene carbodiimide) , 
poly (triisopropylphenylene carbodiimide), etc. They may be used 
singly or as mixtures thereof. Especially preferred are 
dicyclohexyl carbodiimide, di-2 , 6-dimethylphenyl carbodiimide, 
poly (4,4' -diphenylmethane carbodiimide) , poly(tolyl 
carbodiimide), poly (phenylene carbodiimide), and 
poly (triisopropylphenyl carbodiimide) . 
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The amount of the epoxy compounds and/or carbodiimide 
compounds used to 100 parts by weight of the aromatic polyesters 
is 0.01-10 parts by weight, preferably 0.05-3 parts by weight. 

Within the scope of the present invention, the compositions 
V>f the present invention may also contain antioxidants and heat 
stabilizers (e.g., hindered phenol, salicylates, benzotriazole, 
benzophenone, etc.), lubricants and release agents (e.g., stearic 
acid and its salts, montanic acid and its salts, semiesters, 
esters, etc.), dyes and pigments (e.g., cadmium sulfide, 
phthalocyanine, carbon black, etc.) for coloration, fire 
retardants (e.g., decabromodiphenyl ether, brominated 
polycarbonates, melamine, cyanuric acid, phosphorus, etc.), 
fireproof ing aids (e.g., antimony oxide, etc.), antistatic agents 
(e.g., sodium dodecylbenzenesulfonate, polyalkylene glycol, 
etc.), plasticizers (e.g., phosphate esters such as triphenyl 
phosphate, etc., phthalic acid esters, benzoic acid esters, 
etc.), crystallization accelerators, etc. One or more of other 
thermoplastic resins may also be added, e.g., polyethylene, 
polypropylene , polystyrene, ABS resins, acrylic resins, 
f luororesins , polyamides , polyacetals , polycarbonates , 
polysulfones, polyester elastomers; copolymers of ethylene and 
a-olefin of 3-10 carbon atoms such as ethylene/propylene 
copolymers, ethylene/l-butene copolymers, etc.; 
ethylene/propylene/nonconjugated diene copolymers, hydrogenated 
styrene/butadiene block copolymers, etc. 

While the method for the manufacture of the compositions of 
the present invention is not restricted in any particular way, in 
the preferred mode the aromatic polyesters, epoxy group- 
containing copolymers, rubbery graft polymers and if needed other 
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additives are dry blended and melt blended in a screw extruder at 
a temperature above the melting point of the aromatic polyester. 

When the compositions of the present invention are made 
into moldings, the usual molding processes such as injection 
molding, extrusion molding, blow molding, etc, may be used, and 
the molded products show good performance properties. 

Examples 

Next, the present invention is explained in detail with 
examples. In the examples, parts are by weight. 

Application Examples 1-10, Comparative Examples 1-11 

To 100 parts of poly (butylene terephthalate) of relative 
viscosity 1.55 were added glass fibers (chopped strands, epoxy 
resin-treated) , epoxy group-containing copolymer (given below) 
and rubber graft polymer in the amounts described in Table I, and 
the resulting mixture was dry blended and melt-kneaded and 
pelletized using a 40 mm<£ screw extruder at 250 Q C. The pellets 
were then molded using a screw in-line-type injection molding 
machine with 5 oz. injection capability set at cylinder 
temperature 250°C and die temperature 80°C to obtain an ASTM No. 
1 dumbbell-type Izod impact specimen 1/2" wide. This specimen 
was measured for tensile strength and Izod impact strength in 
accordance to ASTM D63 8 and ASTM D256. The results are given in 
Table I. 



15 

The above specimen was adhered to an epoxy resin (from 
100 parts epoxy Araldite CY205, 100 parts hardener HY907, 1 part 
accelerator DY061, all from Ciba-Geigy Co.) The epoxy resin was 
cured between two similar specimens 10 mm long at 13 0 'C for 5 h. 
The adhered specimen was subjected to a compression shear test to 
obtain the shear adhesive strength, A heat cycle test where one 
cycle comprised 160°C for 2 h/-40°C 2 h was carried out for 200 
cycles with measurement of tensile strength, Izod impact 
strength, and shear adhesive strength. The results are given in 
Table I. 

(Epoxy group-containing copolymers) 

A: ET/GMA (90:10 weight ratio) copolymer, MFR =7 (190°C, 
g/10 min) 

B: ET/GMA/VA (85/10/5 weight ratio) copolymer, MFR = 5 (190°C / 
g/10 min) 

C: ST/GMA (90/10 weight ratio) copolymer, MFR =2.0 (125°C, 
g/10 min) 

D: ST/BA/GMA (60/20/20 weight ratio) copolymer, MFR =4.5 (125°C, 
g/10 min) 

E: ST/AN/MMA/GMA (55/15/15/15 weight ratio) copolymer, MFR =9.5 
(125°C, g/10 min) 

(Rubbery graft copolymers) 

F: BTA IIINX, product of Kureha Kagaku Co. 

G: HIA 15, product of Kureha Kagaku Co. 

H: Kaneace FM, product of Kanegafuchi Kagaku Co. 



I: Acryloid KM330, product of Rohm & Haas Co. 
J: ST/AN (70/30 weight ratio) copolymer 

(Meanings of symbols used) 

ET: ethylene 

GMA: glycidyl methacrylate 

VA: vinyl acetate 

ST: styrene 

BA: butyl aery late 

MMA: methyl methacrylate 

AN: acrylonitrile 
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Examples 


2 


Application Example 


3 


Comparative Example 


4 


Additives 


5 


Glass fibers (parts) 


6 


Epoxy group-containing copolymers (parts) 


7 
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Tensile strength 
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Untreated 
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After heat cycle 
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As shown in Table I, the compositions of the present 
invention comprising aromatic polyesters and certain epoxy 
group-containing copolymers and rubbery graft polymers have good 
adhesive properties to epoxy resins and showed excellent adhesive 
properties and mechanical properties such as tensile strength, 
impact strength, etc. even after repeated heat-cold cycles. 

Application Examples 11-17 . Comparative Examples 12-16 

Application Examples 2 and 6 were repeated using the epoxy 
compounds and/or carbodiimide compounds given below, with melt 
blending, molding, and performance evaluation. Results are given 
in Table II. 

(Epoxy compounds) 

K: diglycidyl hexahydrophthalate 

L: o-phenylphenol 

M: Epikote 819 (trade name, product of Yuka Shell Co.) 

N: Poly (triisopropylphenylene carbodiimide) 
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Key: 1 Examples 

2 Application Example 

3 Comparative Example 

4 Additives 

5 Glass fibers (parts) 

6 Epoxy group-containing copolymers (parts) 

7 Rubbery graft polymers (parts) 

8 Epoxy compounds (parts) 

9 Carbodiimide compounds (parts) 

10 Tensile strength 

11 Izod impact strength (kg-cm/cm-notch) 

12 Adhesive strength 

13 Untreated 

14 After heat cycles 



As shown in Table II, addition of epoxy compounds and/or 
carbodiimide compounds to the compositions of the present 
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invention resulted in further improvements in adhesive strength 
and mechanical properties after heat-cold thermal cycles. 

Effects of the invention 

The compositions of the present invention provide moldings 
with excellent adhesion to epoxy resins and excellent mechanical 
properties, especially impact resistance, after heat-cold thermal 
cycles and thus are useful for applications in electric and 
electronic devices, automobiles, etc. 



